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Background:  Patellofemoral  instability  and  dysfunction  are frequent  symptoms  in Nail  patella  syndrome
(NPS).  In this  article,  the  ﬁrst  large  series  of  NPS  patients  is  presented  in  which  these  knee  symptoms  were
assessed  using  validated  outcome  scores.  Additionally,  the  need  for surgical  interventions,  percentage  of
patients  who  received  surgical  treatment  and  patient  reported  outcomes  are  reported.
Methods:  A  questionnaire  based  survey  was  conducted  in 139  Dutch  NPS  patients.  Symptoms  of  the
knees  were  assessed  by the Knee  injury  and Osteoarthritis  Outcome  Score  (KOOS)  and  Kujala  knee  score.
The  questionnaire  addressed  whether  surgical  intervention  was  currently  considered,  history  of  past
surgeries, type  of  surgical  procedures  performed  and results  of  these  procedures.
Results: Response  rate  was  74%.  Mean  KOOS  (73.04)  and  Kujala  (74.01) scores  showed  a  wide  range
and  variability  between  patients.  Patellofemoral  instability  was  present  in  48.5%  of patients.  Surgical
intervention  was currently  considered  by 12%  of  patients.  Their  KOOS  and  Kujala  scores  were  signiﬁcantly
lower  compared  to those  not  considering  surgery  and they experienced  more  patellar  instability.  Surgery
was performed  on 31  knees  in  23  patients.  KOOS  and  Kujala  scores  were  lower  in  surgically  treated  versus
nonoperated  patients  but  no difference  in  patellar  instability  was  present.  An  improvement  in  pain  in 87%
and  in function  in 30%  of  knees  was  reported  after  surgery.  Patient  satisfaction  with  the  surgical  results
was  61%  and  10%  was  dissatisﬁed.  Patellar  realignment  procedures  showed  similar  results,  although
persistent  patellar  instability  was  reported  in 40%  of  patients,  not  different  from  nonoperated  patients.
Conclusions:  Knee  symptoms  in NPS  patients  vary  widely,  with  patellar  instability  present  in nearly  half  of
the patients.  Although  surgical  treatment  appears  unfavourable  as surgically  treated  patients  have  lower
KOOS  and  Kujala  scores,  the  patient  reported  surgical  results  are  generally  good  with  a high patient
satisfaction.
Level of Evidence:  Level  IV.
© 2015  Elsevier  Masson  SAS.  All  rights  reserved.. Introduction
Nail patella syndrome (NPS) is a skeletal dysplasia character-
zed by dysplasia of the nails, elbows, and knees [1]. This autosomal
ominant hereditary disorder is caused by a heterozygous mutation
n the LMX1B gene [2]. Studies in Lmx1b knock-out mice showed
atellar aplasia and abnormalities of the knee similar to those
bserved in NPS [3]. From an orthopaedic perspective, complaints
f the knee are reported in up to 74% of patients with NPS [1]. In
ddition, pes equinovarus and contractures of major joints may
ccompany NPS. Iliac horns, bony outgrowths of the iliac wings,
re pathognomonic for the syndrome, and are reported in 70–80%
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877-0568/© 2015 Elsevier Masson SAS. All rights reserved.of cases [2]. Nephropathy and glaucoma are the most severe com-
plications of this syndrome [1].
Knee complaints in NPS result from patellofemoral malfor-
mations, including patellar aplasia or hypoplasia, patellofemoral
instability and dysfunction, and osteoarthritis [1,4–6]. However,
the clinical features of NPS are highly variable, both within and
among families [1,2]. To date, no in-depth investigations have
been conducted in a large series of patients with NPS to evalu-
ate the frequency and severity of knee complaints with validated
outcome scores. A number of surgical procedures with vari-
able results have been described for patients with NPS, ranging
from arthroscopy to patellar realignment procedures [5,7–12].
However, the need for surgical treatment and the results of
surgery have not been evaluated in a cross-sectional study,
and no consensus is available on the recommended surgical
procedure.
960 S. Tigchelaar et al. / Orthopaedics & Traumatology: Surgery & Research 101 (2015) 959–962
Table 1
Knee injury and osteoarthritis outcome score (KOOS) [14] and Kujala [16] knee scores in 103 patients with nail patella syndrome. Patients were grouped by whether they
had  or had not undergone knee surgery.
Score Surgery Patients (n) Mean Range SD
KOOS Yes 21 62.16* 20.2–94 19.18
No  78 75.97* 19.5–100 20.31
Total  99 73.04 19.5–100 20.77
Kujala  Yes 23 62.61** 25–100 20.99
No  78 77.37** 13–100 19.47
Total  101 74.01 13–100 20.68
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instability was  present in 47 patients (48.5%). There was  no differ-
ence in patellar instability between patients that had and those that
had not undergone surgery (P > 0.05, Pearson 2 test).
Table 2
Patellar Instability in patients with nail-patella syndrome that had or had not under-
gone knee surgery.
Patellar instability Surgery No surgery Total
n (%) n (%) n (%)
Never 10 (47.6) 40 (52.6) 50 (51.5)
Subluxations sometimes
during sports
3 (14.3) 18 (23.7) 21 (21.7)
Subluxations sometimes
during activities of daily
living
4 (19.0) 14 (18.4) 18 (18.6)
At  least one complete
dislocation
1 (4.8) – (–) 1 (1.0)
At  least two  complete
dislocations
3 (14.3) 4 (5.3) 7 (7.2)
Total 21 (100) 76 (100) 97 (100)
Patellar instability was  evaluated in 97 out of 103 patients as an item within theD: standard deviation. The KOOS was not available for evaluation for 4 patients, an
nd ** both denote a signiﬁcant difference, P < 0.05, Mann-Whitney U.
The aim of this study was to determine the frequency and sever-
ty of knee symptoms, describe the number and types of applied
urgical procedures, and evaluate the self-reported surgical out-
omes among patients with NPS.
Our hypothesis was that surgical treatment of disorders of
he knee in NPS would be difﬁcult and potentially unsuccessful,
ecause the symptoms, and therefore the indications, are highly
ariable among patients.
. Patients and methods
This cross-sectional study included a series of 139 Dutch
atients previously diagnosed with NPS in a clinical or genetic
nvestigation. Patients were invited to participate in this study
etween March 2010 and August 2012. Approval was  obtained
rom our institutional review board. All patients or their parents
rovided written informed consent.
Patients were recruited via the Department of Human Genetics
f the Radboud University Medical Center in Nijmegen, the Nether-
ands, or through the Dutch NPS patient contact group. Eighty-two
f the 139 approached patients were previously studied by Bongers
t al. [13].
A questionnaire (Supplementary data) was sent to all patients
o investigate current knee complaints and the results of any previ-
us knee surgery. Patients who did not respond to the ﬁrst mailing
ere contacted by telephone or through their general practitioner
o request participation. A total of 103 out of 139 (74.1%) patients
esponded. Of the 36 nonresponders, 24 could not be contacted; 11
id not return the questionnaire despite conﬁrmation of their par-
icipation; and 1 patient returned the questionnaire blank, because
e did not want to participate.
The ﬁnal study population comprised 48 (46.6%) males and 55
53.4%) females. The mean age at completing the questionnaire was
1.5 years (range 6–85); 18 out of 103 (17.5%) patients were under
6 years old. The questionnaire was completed by the patient in 87
ases (84.4%), or by parents or representatives in 16 cases (15.6%).
urrent knee symptoms and function were assessed with a Dutch
ranslation of the Knee injury and Osteoarthritis Outcome Score
KOOS) [14,15]. Patellofemoral pain and function was assessed with
he Kujala knee score [16]. Patellar instability was included in the
ujala knee score. Patients were asked whether they were currently
onsidering knee surgery, whether they had undergone surgery,
nd what motivated the decision to undergo surgery. They were
sked to report the type of surgical procedure and the subjective
esults of the surgery. Surgical procedures were categorized by the
ype of surgery; e.g., patellar realignment procedures, arthroscopy,
r arthroplasty. No further categorization of the procedures could
e made as patients were not always able to give exact details
n their type of surgery. Patients that underwent patellar realign-
ent procedures were analysed as a subgroup of the patients that
nderwent surgery. Kujala score was  not available for 2 patients (both due to incomplete responses). *
2.1. Statistical analysis
All questionnaires were processed anonymously. Statistical
analyses were performed to evaluate intergroup differences in
KOOS scores, Kujala scores, and patellar instability. Intergroup dif-
ferences were tested with Mann-Whitney U tests for continuous
variables (KOOS and Kujala scores), because a normal distribution
could not be assumed. The Pearson Chi2 test or Fisher’s exact test
was used for comparing categorical variables (patellar instability).
For all datasets, differences with P-values < 0.05 were considered
statistically signiﬁcant. Data analysis was performed with SPSS ver-
sion 20.0 (IBM SPSS Statistics for Windows, IBM Corp., Armonk, NY,
US).
3. Results
3.1. Knee complaints
The KOOS was assessed in 99 out of 103 patients and the Kujala
score in 101 out of 103 patients (Table 1). Patients that underwent
surgery had lower scores than patients that had not on both the
KOOS (62.16, SD 19.18 vs. 75.97, SD 20.31) and Kujala scores (62.61,
SD 20.99 vs. 77.37, SD 19.47; both P < 0.05, Mann-Whitney U test).
The large range and standard deviation in KOOS and Kujala scores
(Table 1) indicated broad variability in knee complaints among
patients with NPS.
Patellar instability was assessed in 97 patients (Table 2). PatellarKujala [16] knee score. The Kujala score was not available for evaluation in 2 patients
(both patients had not undergone knee surgery). Two patients had no patella (one
had  and one had not undergone surgery). Two patients did not complete this spe-
ciﬁc answer within the Kujala questionnaire (one had and one had not undergone
surgery). n = number of patients with nail-patella syndrome.
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Table  3
Knee function and patellar instability in patients with nail-patella syndrome that
were considering surgery.
Considering
surgery
Patients (n) Score/Instability Mean score/
Presence of
Instability
Yes 12 KOOS 52.9
Kujala 53.3
Patellar instabilitya 9/11 (81.8%)
No 91 KOOS 75.6
Kujala 76.8
Patellar instabilityb 38/86 (44.2%)
Knee function was evaluated with the knee injury and osteoarthritis outcome score
(KOOS) [14]. and Kujala [16] scores; patellar instability was deﬁned as denoted in
Table 2.
a The question regarding patellar instability was not completed by 1 out of 12
patients that were considering surgery.
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pb The question regarding patellar instability was not completed by 3 out of 91
atients that were not considering surgery; the patella was  absent in 2 patients that
ere not considering surgery.
Out of 103 patients, 12 (11.7%) were considering knee surgery at
ime of the survey. Their KOOS and Kujala scores were signiﬁcantly
ower (P < 0.05, Mann-Whitney U test) and they experienced more
atellar instability (P < 0.05, Fisher’s Exact test) than those that were
ot considering surgery (Table 3).
.2. Knee surgery
Surgery was performed on 31 knees of 23 patients (23/103,
2.3% of patients). Surgeries were performed between 1950 and
012. One patient (2 knees) did not report the dates of surgery. The
ean age at the time of the (ﬁrst) surgery was 23.9 years (range
–76); the mean time interval between the last surgery and com-
letion of the questionnaire was 27.7 years (range 0–60). The main
easons for surgery were pain and disability (deﬁned as lack of func-
ion, including instability) (51.6% for both) in 16/31 knees, and upon
dvice from a physician in 23/31 knees (74.2%).
Surgical procedures included 14 patellar realignment proce-
ures, 6 arthroscopies (including partial meniscectomy), 3 total
nee arthroplasties, 1 patellectomy, and 7 unknown procedures.
atients rated their preoperative complaints as none (3/31 knees,
.7%), moderate (12/31 knees, (38.7%), or severe (16/31 knees,
1.6%). There was no signiﬁcant difference in patellar instability
etween patients that did and those that did not undergo knee
urgery (Table 2).
Self-reported assessments of the effect of surgery on knee com-
laints are summarized in Table 4. Patient satisfaction with the
esults of knee surgery was qualiﬁed as very satisﬁed (8/31 knees,
5.8%), satisﬁed (14/31, 45.2%), neutral (6/31, 19.4%), dissatisﬁed
1/31, 3.2%), or very dissatisﬁed (2/31, 6.4%). Retrospectively, most
atients reported that they would opt for the same knee operation
gain (24/31 knees, 77.4%).
able 4
elf-reported effect of surgery on knee pain and knee function in patients with nail
atella syndrome that underwent surgery.
Result Pain Function
n (%) n (%)
Complaints deteriorated 0 (0) 8 (26.7)
No  effect on complaints 4 (13.3) 13 (43.3)
Complaints improved 26 (86.7) 9 (30.0)
Totala 30 (100) 30 (100)
alues represent the number (%) of patients in each group.
a A total of 31 patients underwent surgery, but 1 patient did not complete this
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3.3. Patellar realignment procedures
Patellar realignment procedures were the most frequently
reported type of surgery (14 knees in 10 patients). For this sub-
group, KOOS and Kujala scores were 63.33 and 59.60, respectively.
These scores were lower than those of patients that did not
undergo surgery (both P < 0.05, Mann-Whitney U test) but are
higher than patients considering surgery (Table 3). Of these 10
patients, 4 displayed patellar instability after realignment surgery:
2 patients experienced more than 2 complete dislocations, 1
patient one dislocation, and one patient instability only during
sports.
The frequency of patellar instability in patients that underwent
patellar realignment procedures (4/10 patients, 40%) was similar to
that in patients that did not undergo surgery (36/76 patients, 47.4%;
P > 0.05, Fisher’s exact test). All patients that underwent realign-
ment surgery experienced less pain postoperatively (14/14 knees).
Knee function improved in 8, remained unchanged in 4, and dete-
riorated in 2 out of 14 knees. Patients were dissatisﬁed in only 2
knees after realignment surgery and nine patients (12 knees) would
consider this surgery again.
4. Discussion
This study provided patient-reported data on knee complaints
and results of knee surgery from a large group of patients with
NPS. In this series of 103 patients with NPS, knee complaints were
highly variable. Patellofemoral instability, a well-known problem
in NPS, was  reported by nearly half the patients. Remarkably, only
a few (11.7%) were considering knee surgery in the near future,
despite the high incidence of patellar instability. Patients that were
considering knee surgery experienced more knee complaints and
patellar instability than patients not considering surgery. This sug-
gested that patients with more complaints (and lower KOOS and
Kujala scores) were in greater need of surgery. Only a minority
of patients had undergone knee surgery (22.3%). Patients that had
undergone previous knee surgery reported more complaints than
those that did not have surgery. However, the patient-reported
outcomes of surgery were generally good, and most (71%) were
satisﬁed or highly satisﬁed with the results of surgical procedures.
Patellar realignment procedures showed similar satisfaction in the
results, despite the fact that, after patellar realignment procedures,
the proportion of patients that reported patellar instability (40%)
was equivalent to that of patients that had not undergone surgery.
Due to the retrospective nature of this study, no preoperative data
on KOOS, Kujala scores, or patellar instability were available; thus,
we could not compare pre- and postoperative data. Consequently,
we had no objective measure of whether the surgeries had poor
results or whether the functional status of the patient was worse
before surgery, although the latter is suggested by the poor func-
tional scores of patients currently considering surgery (Table 3) and
high patient satisfaction.
Previously, Sweeney et al. reported knee symptoms in 89 of
120 (74%) patients with NPS, based on interviews and physical
examination [1]. The proportion of patients that reported patellar
instability (25.4%) was  much lower than that in our study popula-
tion (48.5%) [1]. In that study, half the symptoms were subjectively
assessed as mild, but it is unclear how they scored symptom sever-
ity [1]. Farley et al. developed a scoring system to quantify the
orthopaedic manifestations of NPS [17] which was  used by Bongers
et al. to quantify the severity of orthopaedic manifestations in a
series of 82 patients with NPS [13]. They classiﬁed the severity
of symptoms as mild in 13%, moderate in 52%, and severe in 34%
of patients and concluded that orthopaedic manifestations were
highly variable.
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Only two studies reported the frequency of knee surgery among
atients with NPS; Guidera et al.: 45% (20/44) and Beguiristain et al.:
3% (5/8) [5,10]. Both percentages were much larger than the 22.3%
eported in our study. One explanation for this discrepancy may  be
hat the patients in those studies had presented themselves to an
rthopaedic surgeon, and the patients in our study represented a
ross-section of patients with NPS.
Several studies have described knee surgery in case reports
f patients with NPS [7–9,11], or smaller series [5,10,12]. Those
tudies reported diverse types of surgery. One patellectomy was
eported with good results [10]. Three case reports described
ynovial plicae, which resulted in cartilage damage or patellar
nstability. In all cases, the plicae were resected arthroscopically,
nd symptoms had improved or resolved completely [7,8], but
xtensive additional proximal and distal realignment surgery was
eported in one of these cases [18]. None of the patients in
ur study reported such a plica resection, although it may  have
een part of an arthroscopic intervention, but was not separately
enoted. In another study, 5 patients were treated for exten-
ion contractures with good results, and 5 patients were treated
or ﬂexion contractures with mixed results [5]. However, con-
istent with our ﬁndings, most previously reported procedures
nvolved patellar realignment surgery [5,10–12]. The number of
rocedures per study ranged from 1 to 20, and they involved
oth proximal and distal realignment surgery. With follow-ups
f 4 to 24 years, results were generally good. Remarkably, none
eported recurrent patellofemoral instability after realignment
urgery. In contrast, this was reported by 40% of the patients in
ur study, although some of these procedures performed up to 50
ears ago and realignment procedures have signiﬁcantly improved
ince.
The present study provided a clear overview of the severity of
nee complaints and the results of surgery in patients with NPS.
owever, it had some limitations. The self-reported questionnaire
esign made it difﬁcult for some patients to describe the indica-
ion and the type of surgery. This difﬁculty could have been due
o a lack of knowledge or to difﬁculty in remembering a proce-
ure undertaken a long time ago. In addition, we only had access
o the self-reported postoperative outcomes, and no preoperative
ata. Thus, we could not make an objective comparison of pre- and
ostoperative scores.
. Conclusion
Knee symptoms in patients with NPS varied widely, based on
he KOOS and Kujala scores. Patellofemoral instability occurred in
early half the patients. Knee surgery was performed in only 22%
f patients, and the majority of surgical procedures were aimed at
ealigning the patella. Although the comparatively low KOOS and
ujala scores appeared to indicate that surgical treatments were
nfavourable, the self-reported results of surgical treatment were
enerally good, with high patient satisfaction.
[: Surgery & Research 101 (2015) 959–962
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